Introduction
In physical vapour deposition (PVD) processes the atoms are deposited from a gas phase onto a substrate and the deposition parameters play an important role in determining the microstructure and physical properties of the grown films [1] . There are some published structure-zone models in the literature to describe the observed morphology of PVD grown films [2] . However, Hultman and Sundgren [3] referred that though the structure zone models seem to be adequate in giving a qualitative classification of film microstructure formation, they do not include effects from the substrate material itself on the film growth mode. It has been found that the observed microstructure of hard coatings is not simply dependent on process parameters such as temperature and energetic particle bombardment during growth, but also significantly dependent on the substrate crystal structure, morphology, composition and/or surface contamination, all of which have important influences on the nucleation.
For example, substrate surface roughness often exists at the same time on several size scales. This roughness can be reproduced in exaggerated form on the coating surfaces in zone I structures, due to superimposed shadow growth. It is also essential to choose the substrate material carefully since preferred crystallographic orientation in coatings have been associated with effects such as minimization in surface energies and a variation in condensation coefficients [4] .
The composition and structure of sputtered Ni-Ti Shape Memory Alloy (SMA) films are significantly affected by the sputtering conditions: target power, gas pressure, target to substrate distance, deposition temperature, substrate bias voltage etc [5] [6] [7] [8] [9] [10] .
Additionally, important issues like formation of film texture and its control are not yet understood. It is fundamental to identify and control their preferential orientation, as it is a crucial factor in determining the extent of the strain recovery [11] . For micro-electromechanical systems (MEMS) integration, there is a need for an electrically and thermally insulating or sacrificial layer [12, 13] . Therefore, the study of Ni-Ti film deposition on different types of substrates is an important topic of research.
In the present work, naturally oxidized Si(100) wafers as well as TiN buffer layers have been used as substrates for Ni-Ti deposition. Crystallized near equiatomic
Ni-Ti films have been obtained at the end of the deposition, exhibiting distinct crystallographic orientations depending of the substrate type. It has been established a relationship between the substrates and texture development.
In order to achieve the goals proposed for this work, a two-magnetron sputter deposition chamber has been used allowing to heat and to apply a bias voltage to the substrate. This equipment could be mounted into the six-circle diffractometer of the Rossendorf Beamline (ROBL) [14] at the European Synchrotron Radiation Facility (ESRF), enabling an in-situ characterization by x-ray diffraction (XRD) of the films during their growth. In addition to the in-situ studies, complementary ex-situ characterization techniques such as electrical resistivity (ER) measurements during temperature cycling have been used to characterize the transformations characteristics of the Ni-Ti samples. Wang et al. [15] , based in a previous work [16] reported that the greater the extent of sub micro twinning, the higher the increase in the resistivity. They also mentioned the finding of Cross et al. [17] , i.e., there is a one-to-one correspondence between the mechanical "memory" effect and the ER curve; the larger the electrical resistivity "peak" [between austenite start temperature (A s ) and martensite finish temperature (M s )] the more pronounced is the "memory" effect (i.e., the shape recovery performance).
Experimental details
The sputtering experiments were carried out in the D.C. magnetron sputtering chamber that has been described elsewhere [18] . Two unbalanced magnetrons, equipped with a 25.4 mm Ni-Ti target (49 at% Ni -51 at% Ti) and a 25.4 mm Ti target (purity 99.99%), respectively, were positioned at a distance of 100 mm from the substrate. They are each tilted 30° away from the substrate normal, including their cylindrical chimneys. Figure 1 shows the actual mounting of the deposition chamber in the Huber goniometer at ROBL.
Pieces of size 15×15 mm In order to investigate the phase transformations, the temperature dependence of the ER of the samples was measured using the four-probe van der Pauw geometry (BIO-RAD HL 5550). The thermal cycles comprised (i) heating from room temperature (RT) up to 110ºC, followed by (ii) cooling down to −110ºC, and finishing by (iii) heating up to 110ºC. The analysis of the transformation characteristics was based on the cycles (ii) and (iii). The measurements were performed with the Ni-Ti films attached to the substrate.
Results and Discussion
Experimentally, the growth of four Ni-Ti samples was studied. The varying deposition parameter was the substrate type, i.e., Ni-Ti films were deposited directly on naturally oxidized Si(100) and on TiN grown on thermally oxidized Si (100) substrates [20] . Kim et al. [21] proposed that a strong interfacial adsorption on the During the transformation from the high temperature phase (B2) to the rhombohedral R-phase while cooling, the height of the B2(110) diffraction peak decreased, splitting into two resolvable R(112) and R(300) peaks. This was especially visible in the case of the Ni-Ti film deposited on top of a TiN layer with a thickness of ≈ 215 nm.
Furthermore, it was perceptible a splitting of the B2(211) peak into the (033) and (141) peaks of the R-phase structure for the samples with TiN layers of about 15 and 80 nm. 
Conclusion
The in-situ XRD measurements have shown that on naturally oxidized Si (100) substrates, without a substrate bias voltage, the Ni-Ti B2 phase starts by stacking onto 
